Visualization of exocytosis at active presynaptic varicosities is 80 enabled by the endocytic dyes (for example, the compound
adherents of the two opposing theories, also known as the 22 debate of "the soups versus the sparks". Today, it is well-known 23 that the vast majority of synapses are chemical synapses, relying 24 on the release of neurotransmitters. Thus, the brain is 25 fundamentally about both soups and sparks or, in other 26 words, secretions and spikes. In comparison to measuring the 27 electrical activity of individual neurons and their processes with 28 electrodes, imaging neurotransmitter secretion in the brain with 29 high spatial resolution has for decades remained challenging. In 30 this Viewpoint, we discuss recent advances toward this goal, 31 visualization of neurotransmitter release in brain tissue with the 32 spatial resolution of individual synapses, and suggest future 33 directions, challenges, and impact on neuroscience. 34 Direct measurement of neurotransmitters in the brain has 35 traditionally been achieved via microdialysis or voltammetry, 36 where the former provides superior chemical selectivity while 37 the latter enables superior temporal resolution. For example, 38 the favorable redox potentials of dopamine allow for direct 39 amperometric measurements of the release and reuptake of this 40 neurotransmitter using carbon fiber microelectrodes. A wealth 41 of information about the dynamics of dopamine release and 42 reuptake in the brain (ex vivo and in freely behaving animals), 43 its modulation of other synaptic inputs, and its importance in 44 motor and motivational aspects of behavior has been gained 45 through the use of fast scan cyclic voltammetry. Similar types of 46 studies are feasible for nonelectroactive neurotransmitters using 47 enzyme-coupled electrodes. 48 Spatial resolution of existing neurochemical measurements, 49 however, is limited by the size of the probes. For example, in 50 the striatum, a carbon fiber microelectrode, which is 51 considerably smaller than a microdialysis probe, might detect 85 transporter, VGLUT1. Application of these probes has 86 advanced understanding of presynaptic modulation and 87 plasticity for excitatory and modulatory synaptic inputs; 88 however, even these probes do not directly report on NT 89 release. Further, with endocytic dyes, delivery of hundreds of 90 pulses is typically required to achieve sufficient dye loading and 91 destaining of presynaptic elements in the CNS, limiting the 92 examination of physiologically relevant conditions and, in many 93 cases, likely inducing synaptic plasticity that alters the system 94 being studied. 95 The direct optical measurement of NT release therefore 96 requires either fluorescent labeling of synaptic vesicle content 97 or placing a fluorogenic NT sensor at or near synapses. With 98 regard to the first approach, our laboratories have pursued the 99 design of fluorescent reporters of NTs, which we termed 100 "fluorescent false neurotransmitters" (FFNs). Focusing initially 101 on the dopaminergic system, we designed FFNs as fluorescent 102 substrates for VMAT2 (vesicular monoamine transporter 2), to 103 load synaptic vesicles and enable visualization of exocytosis. 104 The most recent generation of FFNs were designed as dual 105 DAT (dopamine transporter) and VMAT2 substrates, ensuring 106 high selectivity for dopamine axonal processes via DAT-107 mediated uptake into dopamine neurons, as well as synaptic 
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To address this problem, we developed pH-responsive FFNs 119 (e.g., FFN102) that are partially quenched in the acidic lumen 120 of synaptic vesicles and afford a fluorescence increase upon 121 exocytotic release ("FFN flashes", Figure 2B ). 
